The small GTPase Ras is critical for regulation of growth and differentiation during development. The mammalian protein RIN1 is a potential Ras effector protein, which can also interact with the Abelson tyrosine kinase. However, its biological function is unknown. We have identi®ed the Drosophila homologue of RIN1, called sprint, for SH2, poly-proline containing Ras interactor. The sprint locus is very large and contains at least two differentially expressed isoforms (sprint-a and sprint-b). Both isoforms are expressed in the ovary and maternal mRNA is deposited into embryos. In addition, sprint is zygotically expressed in the developing midgut, amnioserosa and in a speci®c subset of CNS neurons. The expression patterns of the two sprint isoforms are temporally distinct suggesting that the isoforms may have unique functions. q
Results
The EP element 1487 (Fig. 1A) was isolated in a screen for gain-of-function suppressors of the slbo mutant phenotype (Rùrth et al., 1998) . Conceptual translation of cDNA clones corresponding to the gene downstream of EP1487 resulted in proteins similar to mammalian RIN1 (Han and Colicelli, 1995) . As a rin (rasputin) gene already exists in Drosophila, we call the new gene sprint (spri), for SH2, poly-proline containing Ras interactor. Analysis of mRNA from embryos carrying EP1487 and an embryonic Gal4 driver veri®ed that sprint was affected by EP1487 ( Fig. 2A) .
The mammalian RIN1 protein was isolated based on its ability to bind to and inhibit activated Ras (Han and Colicelli, 1995) . RIN1 binds to Ras-GTP but not Ras-GDP via its Ras Binding Domain (RBD) and competes with Ras effector molecules such as Raf for binding. Thus RIN1 may itself act as a Ras effector (Han and Colicelli, 1995; Han et al., 1997) . Immediately adjacent to the RBD is a region with homology to VPS9 (Burd et al., 1996; Hama et al., 1999) and RABEX (Horiuchi et al., 1997) , exchange factors for the small GTPase Rab5. RIN1 also contains an SH2 domain near the N-terminus. Finally RIN1 contains proline rich stretches which can mediate interactions with the SH3 domain of Abelson tyrosine kinase (ABL) . RIN1 is an ABL substrate and can enhance transformation by the BCR-ABL oncogene . These domains are conserved in the Drosophila Sprint protein (Fig. 1B) . Interestingly, an EP element in abl (Drosophila homologue of Abelson) was isolated in the same screen as EP1487-sprint (Rùrth et al., 1998) .
The sprint locus is complex and encompasses 90 kb of the Drosophila genome (Fig. 1A) . One class of sprint cDNAs (sprint-a) initiate close to the EP1487 insertion. Another class of cDNAs (sprint-b), initiate at least 30 kb downstream. Exons of the sprint gene had been predicted by sequence analysis to be separate genes (Fig. 1A) . Two additional short genes with no known homology have been predicted in this interval. They are in the same orientation as sprint and may represent alternatively spliced exons. By Northern blot, we identi®ed sprint mRNAs ranging from 6 to 7.5 kb in size (Fig. 2) . sprint-a mRNA is expected to be 200 bp longer than sprint-b mRNA. In addition, full-length sprint-b cDNAs have at least two different 3 H non-coding UTRs (data not shown). Additional splice variants may exist. Conceptual translation of sprint-a and sprint-b cDNAs resulted in proteins of 1790 and 1776 amino acids, respectively. The C-terminal 1523 amino acids are identical and contain the domains homologous to RIN1 (Fig. 1B) .
Northern blot analysis of sprint showed that both mRNA (Adams et al., 2000) . All predicted genes in the region according to annotations from Berkeley Drosophila Genome project are indicated. Except for CG15296 and CG12639, each of these is included in the sprint cDNAs identi®ed. The GenBank accession number for sprint-a is AF312692, and for sprint-b is AF312693. (B) Structure of the Sprint protein (Sprint-a and Sprint-b isoforms) and homology to the human RIN1 protein. Percent amino acid identity and similarity between Sprint and hRin1 within the extended SH2, VPS9 and RBD domains are indicated. 1 mRNA from 0 to 16 h EP1487/1; 32B-GAL4/1 embryos, 1/1; 32B-GAL4/1 embryos and wild type ovary, hybridized to a probe from the complete sprint-b cDNA, most of which overlaps with sprint-a. (B) Both sprint isoforms are expressed in embryos and transcripts are also maternally contributed. The blots were hybridized to probes corresponding to the unique 5 H ends of sprint-a and sprint-b cDNAs and control probe for loading (rp49).
isoforms were present in the adult ovary and deposited into the embryo as maternal contribution (0±2 h embryos) (Fig.  2B) . Transcripts of a different length than the maternally deposited mRNAs were detected in older embryos, indicating zygotic expression. Whole-mount in situ hybridization showed that sprint is expressed in a dynamic pattern during embryogenesis. Expression initiated in the posterior end of late cellular blastoderm (Fig. 3A) , was robust in the developing posterior and anterior midgut (Fig. 3B ) and persisted until after anterior and posterior midgut fusion (Fig. 3C) . Simultaneous expression was observed in the amnioserosa (Fig. 3D) . After stage 14, sprint transcripts were detected in speci®c cells of the ventral nerve cord (Fig. 3E) , in the salivary gland and faintly in laterally located cells. sprint was not co-expressed with Repo, which is expressed in glial cells (Fig. 4A) . Some co-expression of sprint and Evenskipped was observed in the thoracic segments (Fig. 4B ).
Thus sprint is expressed in a subset of differentiating neurons in the CNS. In situ hybridization with isoform-speci®c probes revealed that the isoforms were expressed in temporally and spatially distinct patterns (Fig. 3F±N) . Initially, before midgut invagination, sprint-a transcript was detected in dots (Fig. 3F) , presumably transcription foci re¯ecting the very long sprint-a primary transcript. In midgut and amnioserosa, the sprint-a transcript was detected earlier in development, followed by sprint-b. Only sprint-b was detected in the CNS. As the two sprint isoforms encode proteins with different N-termini, they may perform unique functions at different times of development. The in situ hybridization pattern of the sprint common probe can be accounted for by addition of the patterns of sprint-a and sprint-b speci®c probes, indicating that we have analyzed the major isoforms of sprint. Fig. 3 . In situ analysis of sprint mRNA expression in embryos. (A±E) Expression pattern of sprint-a and sprint-b mRNA detected by a common probe. Transcripts ®rst appear in the posterior midgut primordium of stage 5 embryos. sprint is also expressed in the anterior midgut rudiment from stage 6 on. Midgut expression is evident until stage 13. From stage 11 to 14 sprint is expressed in the amnioserosa. sprint can also be detected in a subset of neurons in the ventral nerve cord and in lateral stripes, in a segmented pattern, after stage 14. (F±J) A probe recognizing the unique 5 H sprint-a end was used to detect sprint-a speci®c expression. This transcript is only seen until stage 10 in the developing midgut. Expression in the amnioserosa is speci®c for the extended germ band stage. The ventral nerve cord speci®c signal is absent. (K±N) A sprint-b speci®c probe reveals midgut expression only at stage 13, the earlier expression is absent. In the amnioserosa sprint-b also appears later relative to sprint-a. The ventral cord staining is speci®c for sprint-b.
Materials and methods

Cloning of sprint cDNAs
Genomic DNA downstream of EP1487 was isolated by plasmid rescue and used as probe on a lambda-ZAP ovary cDNA library (gift from Allan Spradling). One cDNA clone was identi®ed which at the 5 H end overlapped with 111 bp of the plasmid rescue sequences (sprint-a exon 1). This clone was used to isolate additional cDNA clones from the same library, including a full-length sprint-b clone, which was sequenced. The structure and sequence of sprint-a cDNA was deduced from Northern blot analysis and sequencing of partial, overlapping cDNA clones. cDNA sequences have been deposited in Genbank with accession numbers AF312692 (sprint-a) and AF312693 (sprint-b).
Expression studies
RNA isolation, poly(A)
1 puri®cation and Northern blot analysis was performed according to standard procedures. In situ hybridization was performed using digoxygenin labeled antisense RNA probes. Even-skipped antibody was obtained from the Developmental Studies Hybridoma Bank. 
